Abstract. Power fluctuations of photovoltaic stations can be attenuated by battery energy storage system (BESS). Considering the expensive energy storage cost, BESS is still an expensive option for smooth the PV power fluctuations. Thus, capacity optimization of energy storage can reconcile the relationship between energy storage cost and the smoothing effect. Based on this, a novel algorithm is proposed to optimize the capacity of energy storage system. The adaptive control of state-of-charge (SOC) is proposed to avoid over-charge or discharge of energy storage system which will improve life span of energy storage devices. Afterwards, an objective function is presented to minimize the sum value of invest cost, operation cost and punishment cost. The calculation results verify the validity of the proposed algorithm.
Introduction
With the development of renewable energy such as photovoltaic power growing, how to solve the influence on the output power fluctuations to power grid has become a critical issue [1] [2] . The energy storage system can effectively smooth photovoltaic power fluctuations and improve stability of power system. However, the cost of the energy storage system and its performance of fluctuation smoothing are mutually restricted [3] . For this purpose, how to optimize the energy storage capacity for photovoltaic station is a problem which needs to be settled.
In recent years, researchers have focused on the energy storage configuration. In [4] [5] [6] , SOC of the filter time constant of filter is adjusted by relevant rules to achieve the goal of controlling the SOC stability in normal work condition. The weighted moving average filtering algorithms are used in [7] . In [8] , the standard deviation of the wind turbines and energy storage devices is evaluated by criteria, and the optimization of the energy storage capacity is presented which is validated by chaotic particle swarm optimization algorithm. In [9] , the minimum of energy storage cost of investment and photovoltaic station operation cost is used as the objective and the optimization of the energy storage capacity is realized by using the particle swarm optimization algorithm. However, currently the researches which take the SOC of energy storage system as an index are more embodied in the research of the level of energy storage control.
In this paper, the charge-discharge power correction factor is utilized to control the SOC to avoid overcharge/over-discharge. Based on this, this paper establishes the energy storage capacity optimum model which use economic indicator as the objective function. This model can realize the optimization of considering scheduling requirements, running life and economic efficiency of energy storage.
Charge Discharge Model Based on Battery SOC
When SOC=1, the battery is completely filled, and when SOC=0, the battery discharge completely. The essence is to adjust the charge and discharge power by changing the tracing velocity to the photovoltaic generation of the grid power object and to keep it working at a reasonable SOC condition. In this paper, the SOC is directly adjusted by controlling the charge-discharge power and is related with the object of the grid power. All this can be realized by utilizing the correction factor.
Partition model of SOC. The energy storage system will smooth the output power fluctuations by charging when the photovoltaic generation is greater than the power grid reference value.
The offset of the output power of photovoltaic power plants P W (t) and the object power of grid-tied at time t is ΔP(t) which can be calculated as follows:
The charge-discharge power of energy storage system can be calculated by Eq.2 and Eq.3.
When the energy storage system is charging:
When the energy storage system is discharging:
Where:
Pt is the charge-discharge power of energy storage system at time t. When
Pt  , the energy storage system is charging. When   0
ref ESS
Pt  , the energy storage system is discharging. C  is the charging efficiency of energy storage system and the interval of value is 0.65~0.85.
The limits of SOC for energy storage power should be set. Q SOCmax and Q SOCmin are the upper and lower limits of SOC for energy storage system respectively,
] is pre over-charging area, [Q SOChigh-L2 , Q SOCmax ] is over-charging area. The above-mentioned are different SOC working range of energy storage system. The Q SOChigh-L2 and Q SOClow-L2 are the warning line of over-charging and over-discharging.
The over-charging and over-discharging protection control. Changing of the SOC working range of energy storage system will cause the corresponding adjustment of the power correction factor. Through adjusting the power correction factor, the charge-discharge power of energy storage system is changed to control the running of the energy storage system in advance. So the state of over-charging and over-discharging can be avoided. The specific control strategy is shown in Table 1 . When the energy storage system is operating in its normal working area, the power correction factor should be maintained.
In equations (4)- (5),   i t  is the charge-discharge power correction factor at time t. The value of t is 1 while the energy storage system works within the normal working range. Thus, the charge-discharge power after adjusting can be calculated by Eq.6 and Eq.7.
Where   ESS P t is the charge-discharge power of energy storage system after adjusting power correction factor at time t. The energy storage system is charging when   0
ESS
Pt  . Else the energy storage system is discharging when
The Storage Capacity Planning
The objective of the optimization of storage capacity in this paper is to guarantee the smoothing effect of fluctuation of the output power. And invested cost and the running cost should be balanced. Then the optimal benefit can be got. 
The output power of the photovoltaic generation are annual cyclical. So the annual output power is the research object to optimize the energy storage capacity. The abandoned photovoltaic energy, the lost energy smoothing power shortage and the conversion energy of energy storage system which is caused by out-of-limit of SOC are calculated by Eq.11, 12 and 13:
Where y N is the year of studying target, g and h are the operating range of charge-discharge process with 1 i   in N y years; p and q are the starting time and ending time of range g; u and v are the starting time and ending time of range h; k is the times that the energy storage system running outside the maximum SOC in N y years; l is the total times that the energy storage system running while the SOC is smaller than the minimum value; x and y are the starting time and ending time of range k; z and a are the starting time and ending time of range l.
The optimization objective of the wind plants is: In Eq.13, the conversion cost of energy storage system which is caused by out-of-limit of SOC consist of two parts: First, when the energy storage system works at a high SOC, there will be a conversion cost caused by the loss of working life; Second, when the storage system works at a low SOC, the conversion cost exists too.
Constraints. Charge-discharge power constraints:
Where: PD and PC are the maximum value of charging power and discharging power. As the process of discharge is considered as a negative process, its value will be subjected to its absolute value. The constraints of the fluctuation level of the output power are shown in Eq.16:
is the fluctuating value of the output power which is smoothed by energy storage system; max d P  is the maximum limit of the fluctuating value;  is the corresponding reliability level. Solving method. The particle swarm optimization (PSO) method is an intelligent computation method which is easy to be used and has good convergence ability. It is widely used in all kinds of numerical optimization. Thus, in this paper, we use PSO method to solve the problem with dynamic boundaries and different variables.
Example Analysis
Actual operating data of photovoltaic power plant are used to verify the effective and reasonable of the proposed capacity programming method. The optimal capacity W O , offset of smoothing power  , times of SOC over-limit N and the process curve of SOC are index parameters which are used to verify the validity of the method in this paper.
The installed capacity of this photovoltaic power station is 90MW and the sample data of photovoltaic power are extracted from 2011. The sample frequency of photovoltaic power is 5mins. The object values of smoothing are showed in Fig.1 .
The output curves of smoothing power are calculated according to the charge-discharge strategy and photovoltaic power storage capacity optimum model. The results are showed in table 2. This case shows that the power storage capacity can be optimized effectively by using the proposed model in this paper. At the same time, because the adjustment strategy of power correction factor raise the possibility of abandoned photovoltaic power or the smoothing shortage, the deviation of smoothing power increase to some extent. In terms of out-of-limit of operation, the value of N is decreased by 96.2%. When considering the changing status of SOC during the process of optimization, the SOC operate within the limit, which can guarantee the service life of the ESS. The changing status is shown in figure 3 . In conclusion, the overall economy in the process of energy storage power station configuration and operation can be guaranteed effectively by using the optimum model in this paper. The analysis of the actual data verifies the validity of the method.
Conclusion
In this paper, the SOC is utilized as an important index which can reflect the running condition of power storage system. And the reasonable charge and discharge model which can smooth power fluctuation is established by changing the correction factor. The proposed model can be utilized to obtain the control strategy of power storage capacity. Based on this, the running cost related to SOC is introduced and the optimum model of power storage capacity is established which aims to realize the economic optimization. And the proposed model can realize the optimization of power storage capacity when considering the dispatching requirement, life span of energy storage devices and economic efficiency.
